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FOREWORD

The Water Quality and Solid Waste Section of the Enviro-Chemical
Branch, TranslLab, provides assistance and direction to the
districfs for evaluating potential water quality problems
associated with slope erosion. Studies are undertaken on various
projects to measure erosion rates,. This information is not only
helpful in estimating erosion quantities but is also used to design
appropriate mitigation measures in keeping with Caltrans "Best
Managément Practices for Control of Water Pollution (Transportation
Activities}", dated May 1979.

TransLab has used various methods to estimate erosion potentials.
One of the quantitative methods is the sediment collection troﬁgh
procedure. The method compares the accumulated amount of sediment
from a slope against the accumulated amount of precipitation. The
resulting sediment rating curve is then used to estimate the
average annual erosion rate for the average annual precipitation
at a given slope.

Questions have arisen over the repeatability of data from this
method, whether the amount of water runoff is important in the
movement of sediment and scour (i.e., development of rills), and
whether other factors have an important role in determining the
"average" erosion rate.

TransLab has an HP&R research project entitled "Methods of
Measuring and Controlling Erosion from Road Slopes" (E80TL12)
scheduled to begin in FY 81-82. The study presented in this
report provides useful background information for preparing the
research Work Plan for the E80TLI2 project.
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Thefﬁtudy was conducted by Richard (Rick) Jorgensen, Jr. Civil
Engiheer, during his six-month rotation assignment in the Water
Quaiity'and Solid Waste Section at TransLab. The work was
“conducted under the superyision of DougTas Parks, supervisor

of the Physical Investigations Unit, and under the direction

of Richard Howell, supervisor of the Water Quality and Solid
Waste Research and Development Section. '
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INTRODUCTION

As a six-month project (July-December 1980) while on rotation
at the Transportation Laboratory, Water Quality Section,
Richard {Rick) Jorgensen (Jr. C{Vil Engineer) conducted a
study to investigate sediment collection trough measurement
methods {see Appendix A). The correlations between runoff,
rainfall and sediment yield were studied in an attempt to
obtain a more accurate method of using a sediment collection
trough to estimate erosion rates for road slopes.

The investigation began with a literature search for related
material and background information. This search yielded
sufficient background, but Tittle information about incor-
porating runoff data into this type of analysis.

The National Park Service (NPS) provided the raw data from two

of their collection troughs (sediment and runoff) in the Redwood
National Park of Northern California. These data were incomplete
because runoff quantities for 11 of the 26 sample periods were
missing. The collection troughs used by NPS were undersized.

The rainfall and sediment yield data that were available were
correlated to generate rainfall/sediment yield prediction

curves.

First, an attempt was made to correlate the incomplete vunoff
data with the rainfall and sediment yield data. This attempt
failed because runoff is dependent on other variables which
have a cumulative effect on the correlation. Next, the missing
v runoff data were generated from correlations with known runoff
data and our other data. This also proved unsuccessful because
there were no large storm runoff data and the use of small
storm runoff data yielded unrealistic results.
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" Finally, Dr. Frank Caruccio of the University of South

Carolina, Department of Geology, was contacted as another
- possible source of sediment/runoff data. He conducted a
“study that analyzed runoff for sediment content, His
ftroughs also overflowed and thus yielded no total runoff
“information.

AL this point it became obvious that without another data
““'base the objective of this study could not be adequately
Zaddressed. On October 2, 1980, the study was discontinued
~and this report was prepared.

fThié report is a summary of the work completed and the
“conclusions that could be drawn from the abbreviated study.
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CONCLUSIONS

1. With the data available, the objective of the study could
not be met.

, 2. For this case, the results of the conventional analysis to

estimate erosion shouTd be satisfactory, as shown by the
results of the statistical analysis on the cumulative
rainfall versus cumulative sediment yield curve,

3. The Titerature search brought to 1ight the availability
of forms of the Universal Soil Loss Equation (USLE) that
are applicable to highway slopes. These methods should
also be investigated as erosion prediction methods in
addition to the sediment collection trough method.
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RECOMMENDATIONS

T‘An interesting project would consist of using the USLE

“from NCHRP Report 220, "Erosion Control During Highway
‘EConstructTon“, to predict erosion from a slope. Then,
--the erosion could be measured with sediment collection

?ftroughs and the results compared. This project should

- be under taken.
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LITERATURE SEARCH

The titerature search was begun by John Ehsan, also a Jr. Civil
Engineer on rotation, in 1980, John was originally assigned to
this project, but was soon reassigned to another project on
refertilization of road slopes for erosion control, The emphasis
of his search was more related to erosion control rather than
erosion prediction or estimation. His literature search yie]ded
little information concerning this study. Thus, the information

4 available for use came primarily from the TranslLab library in

the form of reports on erosion authored by TranslLab personnel,

As the study progressed, information that seemed related to this
project, if not specificailly to this study, kept surfacing. At
this point, it was decided to conduct another literature search
directed more toward the research project. This search was aimed
at acquiring data related to erostion prediction methods and
specifically the relationship of runoff to erosion predictions.
This search yielded substantial information about erosion predic-
tion and runoff, but it was all in reference to the Universal
Soil Loss Equation, in which one component is a runoff factor.

While not directiy related to the study, much of the infarmation
about the Universal Soil Loss Equation might be worth noting.
Also of interest to those investigating erosion prediction might
be the Transportation Research Board's reports 220 and 221
"Frosion Control During Highway Construction".
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DATA

Thqidata used in this study were provided by Bill Weaver of

'the National Park Service Office in Arcata, California. The

data came from two sediment collection troughs located near
Bridge Creek in the Redwood National Park. The plots on which
the troughs'were placed were in the C~Horizon (Masterson soil
sefﬁes). They had slTopes of approximately 65% and both had a
sodthern aspect. Trough 1 had an area of 222 £t while trough
2 ﬁad én area of 225 ft2,

Data c611ected from the troughs consisted of rainfall since last
sampling, sediment yield and runoff quantity for the period
January 15 to May 27, 1980. There were 26 sample periods. The
tuﬁbff gquantity from eleven of the twenty-six sample periods
weﬁéﬁmisSing. There were no data for these periods because

' thé5troughs used to collect the runoff were too small. Large

amounts of rainfall are common to the north coast area. The
troughs overflowed during these large storm periods.

RIS TS
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ANALYSIS

The statistical analysis of the data was aided by the use of

the TENET Computer System (now obsolete and replaced by VM-360).
. A regression program "5;LSTAT;CURFIT" was used to fit curves

and evaluate correlations obtained from the data. '

After the_data were fit to curves, the plotting program
"4523SLIB3;REGPLOT" was used to plot the data points and then
draw various curves through the data. See Appendix C.

Early in the study, the curve fitting was done on an H.P. 65
hand calculator and curves were plotted by hand.

Foas
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RESULTS

The data were analyzed to determine if the addition of runoff
quantities could improve the curreht sediment collection trough
method of estimating erosion.

First, the data were ana1yzed by the current method. Cumula-
tive Rainfall vs. cumulative Sediment Yield were computed and
plotted. A good Tinear torre]ation existed as is shown by

plots 1 and 3 from trough 1, and by plots 1 and 3 from trough 2
{see Appendix D). The results from troughs 1 and 2 are virtually
jdentical so only the results of trough 2 will be discussed, but
simitar results for trough 1 exist. From the plots of cumulative
Rainfall vs. cumulative Sediment Yield, an average annual erosion
figure can be calculated using the average annual rainfall for
the area and reading the Sediment Yield from the graph at that
point on the curve. |

The next step was to investigate the relationship between runoff
and rainfall and sediment yield in order to develop a method of
incorporating runoff into an erosion estimate. The first indica-
tion of trouble occurred when the cumulative Rainfall vs. cumula-
tive Sediment Yield curve for all data (Plot 1} was compared to
the plot in which only runoff data were used, (Plot 3). There
was a significant q1fferéahe between the plots. The plots show
that the curve which included runoff data indicates that less
erosion has occurred. This makes sense, because the high inten-
sity storms, which cause the most erosion, occurred in those
cases in which the troughs overflowed, Consequently, much of

the sediment was washed out of the troughs during these storm
periods. This means that the data points for which there 15 no
runoff data cannot be ignored.

e
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An attempt to generate the missing runoff data points was made

by correlating runoff vs. rainfall and runoff vs. sediment yield.
This attempt failed due to the lack of large rainfall occurrence
data. Al1 of the complete data points came from small rainfall
occurrences. When small occurrence data was used to generate
1afge rainfall runoff quantities, the results were not realistic.

Atfthis point 1t became obvious that another data base was needed.
Pr@fessor Caruccio of the University of South Carolina was con-
s tacted in an attempt to obtain another data base, but he could
' nof provide one. At this point, the study was terminated.
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TABLE I .
List of Plots (See APPENDIX D)

Plot TROUGH 1

ZRainfall vs. ISediment A11 Data
Rainfall vs. Sediment Only Runoff Data
ERainfall vs. ESediment u u n
Runoff vs. Sediment " " i
ZRunoff vs. LSediment u u n
Rainfall vs. Runoff " n i
ZRainfall vs. ZRunoff n n n

ot I =2 B &5 BENS ~ NN 4L B \C I

Plot TROUGH 2

1 ZRainfall vs. XZSediment A1l data

2 Rainfall vs. Sediment Only Runoff Data

3 ZRainfall vs. ESediment " " "

4 Rainfall vs. Sediment A1l Data

5 Runoff vs. Sediment Only Runoff Data

6 ZRunoff vs.  ISediment " " " ]
7 Rainfall vs. Runoff woo " -
8 ERainfall vs. ZRunoff " " "

10
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TITLE:

"Analysis of Sediment Collection Trough Procedure
Incorporating Runoff Data"

PROPOSAL

This is a 6-month project assignment for Richard Jorgensen
Junior Civil Engineer, assigned to the TransLab Water Quality
Section Erosion and Physical Investigations Unit (July-
December 1980.

PROBLEM

As part of the water quality analysis of an environmental
impact assessment, it is necessary to identify and quanify
potential sources of erosion associated with a highway project.
Currently there are four basic methods of estimating erosion
rates for Caltrans projects: 1) the Universal Soil Loss Equation,
2) siope erosion transect survey, 3) sediment collection trough,
and 4) field estimates. These methods yield varying degrees of
information ranging from very subjective data to more quantified
data. The method selected for use on a proposed project depends
on the level of estimated impact and whether the project 1s merely
a planning study or a project design.

The sediment trough collection method is perhaps the most
quantifiable method of the four. The Caltrans method involves
measuring rainfall and collecting sediment. The US National
Park Service and others have in¢luded the amount of water run-
of f in their analysis. It is possible that by adding runoff
quantity to the sediment collection trough method, the accuracy
of predicting erosion rates may be increased.

OBJECTIVE

This study will investigate the correlation of runoff, rain-
fall, and sediment yield, in an attempt to obtain a more accurate
method of using the sediment collection trough method to estimate
erosion rates.

14
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BACKGROUND
Sediment collection troughs were developed in 1971 by the
Transportation Laboratory Water‘Quality Section to measure
erosion from experimental plots. It was developed into a standard
method for measuring erosion rates by the Districts for environ-
"mental studies in 1976. This method correlates rainfall with sedi-
ment yield data for the test plot and'uses the resulting curve
to?predict erosion rates for an average annual rainfall. Recent
st@dies of erosion control techniques by the National Park Service
5 | foﬁ the Redwood National Park and the University of South Carolina,
Deﬁartment of Geology, have utilized the sediment trough collection
meﬁhod of estimating erosion from their test plots. In their
testing they retained and measured runoff from their test plots.
The inclusion of runoff quantity into the correlation of rainfall
and sediment yield has been suggested as a method of improving
the accuracy of erosion estimates since soil saturation tends to
increase water runoff and thus sediment transport from the slope.
Data from the control plots of the National Park Service will be
used to analyze correlations between runoff, rainfall, and sediment
yield, '

- WORK PLAN
' The study will be based on the analysis of data obtained from

Bif1'Weaver (National Park Service) and possibly from the University
of South Carolina. The data will first be analyzed conventionally
by?correiating rainfall and sediment yield. A procedure for incor-
porating runoff into the erosion prediction method will be determined.
The procedure will be derived from curves obtained by plotting sedi-
ment yield versus runoff. The resulting curves will be used to -
ané1yze the data., The results of the two methods will be compared.

" If the runoff data proves to be an important factor for
increasing the accuracy of erosion prediction, plans for further
stﬁdy will be recommended. A report will be prepared and an oral
presentation will be presented at the conclusion of the study.

15
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TROUGH #1

DATE RAIN(in) SEDIMENT(1b) - RUNOFF(in])

1-15 8.86 12.7 Overflow

1-17 1.08 0.8 Overfliow

2-4 2.43 5.0 Overflow i

2-6 0.53 0.3 0.30

2-19 4,75 8.3 Overfiow

2-20 1.03 1.1 Overfiow
. ) 2=21 0.56 0.3 0.41

2-22 0.50 0.8 0.34

2-26 1.60 0.9 0.33

2-28 2.68 1.3 Overflow

3-4 0.59 0.3 0.36

3-5 C1.10 0.8 Overflow

3-6 0.39 0.2 0.24

3-18 8.66 4.2 Overflow -

3-21 1.25 0.7 0.85

3=-28 0.44 0.5 0.15

4-5 2.41 0.6 Overflow

4-8 0.72 2.5 0.52

4-9 0.94 0.4 0.66

4-21 2.38 0.5 Overflow

5-27 2.60 0.5 1.08

18
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BRIDGE Cr 79-2

' fl‘ " Trough #1 |
DATE EPpt(in) % wt(1b) R.0. (in) ZRO
1-15 - .. 8.86 12.66 ﬂ -
1-17 .9.94 13.47 : -
2-4 12.37 18,51 | -
2-6 . 12.90 18.83 .30 .30
~2-19¢ T 17.65 27.12 - -
o 2-200 18.68 - 28.22 -
S 2-21 19.24 28.52 ° 41 .71
2-22 19.74 29.33 .34 1.05
2-26 21.34 30.25 .33 1.38
2-28.. 24,02 31.57 | -
3-4 . 24.61 31.90 .36 1.74
3-5 25.72 32.71 -
3-6 26.11 32.90 .24 1.98
3-18* 34.77 37.10 -
3-21° 36.02 37.81 .85 2.83
3-28" 36.46 38.31 .15 2.98
4-5 38.87 38.96 -
4-8 ~  39.59 41.46 .52 3.50
4-9 40.53 41.89 .66 4.16
4-21" 42.91 42.35 -
5-27 " 45.51 42,80 1.08 5.24
19
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3-21
3-28
4-8

4-21
5-27

ClibPDF -

Omitting Samplings without R.0. Data

Rain_{In} Ippt

.53 .53
.56 1.09
.50 1.59
1,60 3.19
.59 3.78
.39 4,17
1.25 5.42
<44 5.86
.72 6.58
.94 7.52
2.60 10.12

BRIDGE CREEK

Trough #1

Wt(g) Zwt(g)
143.8 143.8
135.1 278.9
369.4 648.3
418.4 1066.7
148,9 1215.6

88.6 1304,2
323.4 1627.6
227.1 1854.7

1135.0 2989.7
199.3 3189.0
207.4 3396.4

20

30

<41
.34

.33

.36
.24
.85
.15
.52
.66
1.08

.30

.71
1.05
1.38
1.74
1.98
2.83
2.98
3.50
4,16
5.24
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